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ROOFER: AN ENGINEERED MANAGEMENT SYSTEM (EMS)
FOR BITUMINOUS BUILT-UP ROOFS

1 INTRODUCTION

Background

Each of the U.S. amed scrvices branches has a very large inventory of roofs with bituminous
built-up membrancs. Roof repairs and reconstruction are steadily increasing as the roofs approach the
cnd of their service lives, making it increasingly important to bettcr manage maintenance funds.
Currently, there is need for a systematic procedure to determine prioritics and select repair strategics
that will ensure a maximum return on investment.

In response to this problem, the US. Amny Construction Enginccring Rescarch Laboratory
(USACERL), with the assistance of the U.S. Army Cold Regions Rescarch and Engineering Laboratory
(USACRREL) and the U.S. Amy Enginecring and Housing Support Center (USAEHSC), has developed
ROOFER, a roofing maintenance management system. ROOFER provides military installations with
a practical dccision-making proccdure to identify problems and sclect maintenance and repair strategics
for roofs with bituminous membrancs.

Objective

This rcport describcs ROOFER, a maintenance management sysiem for bituminous built-up roofs
designed to make the best use of maintenance and repair (M&R) funds. '

Organization of Report

Chapter 2 discusscs the process of dividing the roof network into managcable scctions and the
proccdurc for collecting and managing roof inventory information. Chapter 3 summarizes the visual
inspcction procedurc. A complete description of the visual inspection procedure can be found in
Mcmbrane and Flashing Condition Indexes for Built-Up Roofs, Volume Il: Inspection and Distress
Manual' This ficld-validated procedure is uscd to determine the severity of existing membranc and
flashing distresscs and to compute the membranc condition index (MCI) and flashing condition index
(FCl). Thesc indexes mcasure the component’s functional condition, M&R requirements, and
waterproof integrity. Chapter 4 contains roof moisture detection procedures and a means for computing
the insulation condition index (ICI). Chapter 5 discusses the strategies for maintenance and repair
based on the Roof Cendition Index (RCI), which is computed from the three individual indexes (i.e.,
MCI, FCI, and ICD).

'M. Y. Shahin, D. M. Bailcy, and D. E. Brotherson, Membrane and Flashing Condition Indexes for
Built-Up Roofs, Volume I1: Inspection and Distress Manual, Technical Report M-87/13 (U.S. Amy
Construction Engincering Rescarch Laboratory [USACERL], Scptember 1987).
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Scope

Although ROOFER is dcsigned for maintenance management of bituminous built-up roofs, it is
adaptable to all types of low-slope roofing systems. This flexibility will allow these other roofing
systems to be incorporated into ROOFER in the future.

Mode of Technology Transfer

ROOFER will complement Technical Manual (TM) 5-617, Facilities Engineering Inspection,
Maintenance, and Repair of Roofing Systems.> The technology transfer will be through the Facilitics
Engincering Application Program (FEAP), ficld demonstrations, and formal training.

“Fechnical Manual (TM) 5-617, Facilities Engincering Inspection, Maintenance, and Repair of Roofing
Svstems (Dralb).




2 INVENTORY AND DATA MANAGEMENT PROCEDURE

The roof inventory is the foundation of ROOFER. It provides the information nccded by
cngincering personnel to sclect repair techniques and determine the suitability of replacement systems.
A well-maintained inventory will also provide a structural history of cach roof and a rccord of roof
performance that can be used to determine which roof system is most suitable for usc on a particular
building type or occupancy. The inventory data and condition cvaluation data (discussed in Chapters
3, 4, and 5) are used to dctermine maintenance and repair strategics.

Roof Network Identification

A roof nctwork, as defined for the ROOFER system, consists of all the low-slope roofs maintained
by an installation. This nctwork is gencrally divided into the following manageable componcnts:

Building

A building consists of onc distinct structure that may include scveral wings or scctions, but
generally has onc building number or designation. Buildings connccted by covered walks or enclosed
passagcways should be considercd scparatcly unless they are designated by the same building number.

Building complexes with only one building number or designation should be given subdesignations for
casicr identification.

Roof Section

A roof section is a roof, or part of a roof, that is identifiable as a separatc entity. The section
is distinct in that it may rcpresent one level of a building's roof having many Icvels. A section may
also be part of a very large roof that is physically divided by fircwalls, expansion joints, area dividers,
or some other identifiable boundary. For smaller buildings, the roof section may be the entire roof.

Dividing the roof of a building into scctions provides a better means of evaluating the condition
and determining Maintcnance, Repair, and Replacement (MRR) needs. For example, a roof scction that
is in poor condition would not dctract from the condition assessment of a roof section in good
condition on the same building, and a condition cvaluation indicating replaccment of a section would
not signal rcplacement of the entire roof.
suidelines for Section Identification

A scction is gencrally delincated by:

e fircwalls, cxpansion joints, or arca dividers

e diffcrent rool levels

e arcas that wcre built at diflerent times

e arcas having different roofing systems, different amounts of roof traffic and/or rooftop
cquipment, or radically different occupancics below the roof.

A building’s roof scctions arc assigned letter designations (A, B, C, D..).




If a roof is physically divided into many small areas, it may be possible to combine several such
arcas into one section (c.g., all the canopics over entrances may be grouped into one section provided
they are of similar age and construction). However, if areas have different structural systems, roof
systems, or environments below the roof (i.c., canopies, freezers, or unheated warchouses), they should
be treated as individual sections. Large areas without obvious delineations can be arbitrarily divided
into arcas of 25,000 to 40,000 sq ft.”

Recordkeeping System

The information nceded to successfully manage a roof network must be stored in a way that
makes the data accessible and usable. The manual sysiem described in this report affords casy
conversion 1o a computerized system.  Once stored, the information about each building and roof
scction can be used to develop reports that are needed to effectively manage large networks of building
roofs or individual roof projects. Figure 1 shows an cxample of a filing sequence for a typical
reccordkeeping system. The file should contain a Building Folder for cach building and a Roof Scction
Folder for cach roof scction on the building.

Building Folder

The Building Folder should contain a completed Building Identification Sheet (Figure 2) which
includes a building roof plan. The building roof plan should show overall dimensions and identify cach
rool scction. It should be drawn to a scale that will fit in the space provided on the sheet. For large
buildings, a scale of 1 in. = 30 ft or 1 in. = 60 ft will probably be required to show the entire roof.
Contract drawings, specifications, and as-built drawings for any work donc on the building should also
bc kept in the building folder, or if they are kept elsewhere, their location should be stated in the
folder.

Roof Section Folder

A Roof Scction Folder should be established for each roof section containing a completed Roof
Scction Identification Sheet (Figure 3), and a Roof Inspection Worksheet (Figure 4). A roof scction
plan should be drawn to scale on the Roof Inspcction Worksheet. The plan should show all physical
features including perimeter conditions (roof cdge, e¢xpansion joint, parapet wall, etc.), rooftop
cquipment, projcctions through the roof, roof drains, walkways, sign supports, and piping. The standard
symbols shown in Figure 5§ should bc used to identify these items whenever possible.

A master Roof Inspection Worksheet with an unmarked roof scction plan should be kept in each
folder. Copics of the Roof Inspection Worksheets (discussed in Chapter 3) are used to conduct
condition cvaluation inspections. They are filled out and stored in the Roof Section Folder. Roof
distresses or defects identified during the inspections are noted on the plan for future reference and to
help determinc maintenance and repair needs.

A blank Roof Inspection Workshect is included in Appendix A of this report.

Inventory Data Collection

The information on the Building and Roof Scction Identification Sheets can come from a variety
ol sources. At installations with complete building rccords, most of the information can be taken from

"Metric conversion factors arc on page 55.
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ROOF SECTION FOLDERS FOR
EACH ROOF SECTION FOLLOW
THE BUILDING FOLDER

A BUILDING FOLDER IS
PROVIDED FOR EACH
BUILDING

Figure 1. Example of a manual recordkeeping system.

as-built drawings, rccord drawings, and specifications. Because these drawings and specifications often
do not show actual conditions, all data should be verificd during the visual inspection.  Core samples
taken for the purpose of verifying wet insulation (Chapter 4) should be used to determine the
components of the roof scctions.

It is important that the collected information be as complete as possible. Missing data will make
analysis and planning difficuit. Although this phasc docs require some investment Hf time and cffort,
it nceds to be done only once and then updated when changes to the roof system occur.

Building ldentification Sheet

The Building Identification Sheet (Figure 2) is kept in the Building Folder and gives general
information including building name, number, Jocation, and occupancy. The Building Identification
Sheet also lists cach roof scction and its arca, and the date of original construction of the building.
Although somc of the information is not dircctly related to the roofing system, it docs provide essential
data for managing the nctwork.




BUILDING IDENTIFICATION AGENCY/INST. NO.: 1919191919

DATE: f_/25/ |97 [AGENCYANST.: FT  SCrmES

BUILDING NAME: TR coP  TRAIN|N(G

BUILDING NUMBER:  (, & DESIGN CATEGORY CODE 171 71211

TYPE CONST. | P | FACILITY NUMBER C1CICl16 18]

LOCATION: 3¢ THUNDERBIRD AVE

USE:  (C cAssReocm  TRAIN ING |YEAR BUILT: 9P

ROOF SECTIONS:
A A2 sF F 1< sF K -
B 3052 SF 6 _li Ll sF L SF
c 7543 SF H 275 SF v SF
D 4. ¢ SF I SF N SF
E AplZ  sF J SF o SF

REMARKS:

MAJOR ke AL AT L -85
— B PLaCEY  WINDowWS
~ STESL SIDNE N EXTEL L

A
>
G C
Q
N
Ho|F E D
L 199’ J, \
1 7
\
BUILDING ROOF PLAN SCALE: ["=wC'

Figure 2. Completed Building Identification Sheet.
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AGENCY/INST.:

ROOF SECTION IDENTIFICATION FT. JenES
DATE: NMAY /947 [nwc NO: (2 —]SECTION ID: AREA: /. 200 SF
OCCUPANCY: | YEAR ORIG CONST: YEAR LAST REPLACED: /57y
10 GENERAL
11 PERIMETER: 12 ACCESS:
PARAPET 243 LF AREA DIVIDER LF ADIACENT KoCF
ROOF EDGE LF ADJ. WALL LF SECTION F
EXP. JOINT LF OTHER LF B
20 STRUCTURAL FRAME
21 TYPE: ConNgRETE — BEAmLS
30 ROOF DECK
31 TYPE: CONCKETE | 37D CAST- I PrAce
32 DESIGN LOAD: " [33 SLOPE: 34 DRAINAGE:
.- V. .
LIVE ’ PSF . IN 12 NTER G DK NS
DEAD _?5__ PSF e INTE KO k
40 VAPOR RETARDER
41 TYPE: LAMINATED  FELTY
50 INSULATION
51 TYPE: ) —
FERLITE AND  Pa(iKeT HANE B eoArDS
52 PHYSICAL PROPERTIES: 53 R-VALUE: S
BOARD STOCK FILLS
THICKNESS (i) 3 54 ATTACHMENT:
NO. OF LAYERS =" B - -
TAPERED =~ — ADHE s1yf — HCT
60 MEMBRANE
61 PRODUCT: PROTECTED MEMBRANE _A/ (Y/N)
MANUFACTURER CELOTEX DESCRIPTION PASE SHEET ~ 5 vole
SPECIFCATION NO. WARRANTY N Y/N}
EXP. DATE
62 TYPE: 63 ATTACHMENT: 64 REINFORCEMENT:
ot LY ASYRALT (= 1A5S FELTS
65 SURFACING: 66 WALKWAYS:
C KUSHED STTANE Woep Duck BoArDS
70 FLASHING
71 BASE FLASHING: 72 FLASHING ADHESIVE: 73 COUNTERFLASHING:
MUNE AL YURFACED
) , , e ‘e
(1 (AN O CLep MA)T,C— v TAL
74 FLASHING TYPES: I . , ‘ ,_ T
“‘\T\'A']ET) oy \)T) ,DLV'”B/N(-" VEnNT ) [HE 2 SO FoRTsS = Wi LD DLL{'—&)
PiTed PAN
80 REMARKS:

Figure 3. Completed Roof Secction Identification Sheet.
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ROOF INSPECTION WORKSHEET

AGENCY/INST.:

Fl. JowES

BUILDING __ [ © PER. FLASHING 527 LF DATE
SECTION G CURB FLASHING 3 _LF NAME
BF-BASE FLASH PP-PITCH PANS SP-SPLITS PA-PATCHING | S D Q
MC-METAL CAP DR-DRAIN & SC HL-HOLES OV-DEBRIS & VEQ D | [ € T
EM-EMBEDD MET BL-BLISTERS SR-SURF DET EQ-EQ SUPPORT v F Y
FP-FLASHED PEN RG-RIDGES SL-SLIPPAGE PD-PONDING [ ]
B
124’ Vo'
=
o []
|
3%4 /@ C
o
(o
C '
SECT G \Yi| X 4 .
N
~
P
20 o
o R oo
=T 0 e gﬁ} i
" ' PAPE
WALKWAY Y e
g
H F € D
r\'\
SCALE: " = 30’
NORTH

Figure 4. Roof Inspection Worksheet with Roof Section Plan.
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H = HATCH

E = EQUIPMENT

P = PENTHOUSE

S = SKYLIGHT

SC = SOLAR COLLECTOR

Bou

T TRANSFORMER
V = VENTILATOR

ANTENNA

CORE SAMPLE WITH SAMPLE IDENTIFIER
VENT PIPE

DRAIN OR DOWNSPOUT

LADDER

SCUPPER

CHIMNEY OR FLUE

PITCH PAN
FLASHED PIPE

LIGHTNING ROD

ROOF EOGE

PARAPET WALL OR ADJACENT BLDG

EXPANSION JOINT OR ROOF DIVIDER

Figure 5. Symbols to be used on roof section plans.

15




Roof Section ldentification Sheet

The Roof Section Identification Sheet (Figurc 3) is completed for each roof section listed on the
Building Identification Sheet and is kept in the corresponding Roof Section Folder. The sheet has eight
major divisions and organizes the section data.

Roof Section Identification Worksheet

The three-page Roof Section Identification Worksheet (Figure 6) simplifies the task of collecting
the necessary data and ensures uniformity in reporting terminology. Most of the items are self-
cxplanatory and the collection process only requires checking-off items pertaining to the roof section.
Much of thc data can be obtained from specifications, drawings, core cuts, and visual inspection.
Some guidance is provided below. The information from these worksheets is transferred to the Roof
Section Identification Sheet.

Descriptions of the collected inventory data follow:
General

Section 11 - Perimeter. The length (in fect) of the perimeter of the roof section categorized into
the listed construction "edges.”

Section 12 - Access. The method used to gain access to the roof. Note whether the ladder is
inside or outside the building and if it is permanently attached to the building. If it is not, a portable
ladder will be necessary for inspection. If access is from an adjacent roof section, identify the section.

Structural Frame

Section 21 - Type. The structural framing system which supports the roof section.
Roof Deck
Section 31 - Deck Type. The roof deck construction supporting the roofing system.

Section 32 - Design Load. The live and dead loads for the roof section. This information can
usually be found on the building’s structural drawings. Check in the general notes or in a special notc
on the Roof Framing Plan.

Section 33 - Slope. The predominate slope of the roof section. The roof plan will generally
indicatc the slope (e.g., 1/4 in. in 12 in.). If the slope is not noted on the roof plan, the section
drawings may indicate the slope. Mcasure the major slope if it cannot be found on the roof plan or
scction drawings.

Section 34 - Drainage. The existing means of removing rainwater from the roof section. Check
the roof section for intcrior drains, gutters, and downspouts. Determine whether leaders and
downspouts arc connected o the scuppers. Check for overflow scuppers which control the height of
pondcd water and prevent overloading of the structure.  ROOF EDGE indicates that the roof water
Mlows over the building cdge to the ground or to a lower roof arca without gutters or scuppers.

16




. AGENCY/INST.:
ROOF SECTION IPENTIFI( ATION WORKSHEET 7. JonES
DATE: MAY/ |1§7 |BLDGNO: [ &  [SECTIONID:  (, AREA:  // onp SF
N .2 ] —
OCCUPANCY: CFFICE YEAR ORIG CONST: YEAR LAST REPLACED: [ 778
10 GENERAL
11 PERIMETER;:
PARAPET 7:{’ 5 LF EXP. JOINT |2 LF ADJ. WALL LF
ROOF EDGE (bl LF AREA DIVIDER LF OTHER LF
12 ACCESS (check one);
INTERNAL LAODER EXTERNAL LADDER __PENTHOUSE
__. Permanent __ Permanent
___ Temporary __ Temporary ~ )i ACCESSED FROM ADJACENT
ROOF SECT (Sec. ID £ )
20 STRUCTURAL FRAME
21 TYPE (check one):
STEEL CONCRETE SPECIAL
__ Beams, Girders, Cols. Beams __ Dome
__. Long Sp Deck, Beams __ Flat Slab __ Space Frame
__ Trusses
__ Bar Joists With wooD __ UNKNOWN
Beams and Cols. __ Laminated Beams
__ Bar Joists With __ Trusses
Bearing Walls — Joists
__ Bar Joists With ___ Panels
Combination
30 ROOF DECK
31 TYPE (check one):
NONCOMBUSTIBLE COMBUSTIBLE
__STEEL CONCRETE, LW. __WOQD BOARDS
_.. Precast
CONCRETE, STD. __ Cast-In-Place __PLYWOOD
Precast . Vermiculite
X Cast-in-Place — Cellular __WOOD FIBER
. Pedlite
GYPSUM
__ Fiberboard Form CEMENT FIBER
__ Fiberglass Form __ Bulb-Tees
—_ Gypsum Form __ Clipped
__ Precast
32 DESIGN LOAD:
LIVE 2S5  PSF
- __UNKNOWN
DEAD S0  PSF
33 SLOPE: V&  INI2
34 DRAINAGE (check all): __ADJACENT ROOF SECTION
z(_ INTERIOR DRAINS ___ SCUPPERS W/LEADERS AND DOWNSPOUTS
__ GUTTERS & DOWNSPOUTS __OVERFLOW SCUPPERS
.. SCUPPERS __ROOF EDGE
40 VAPOR RETARDER
41 TYPE (check one):
__NONE _..COATED ROLL ROOFING _PvC
—_ALUMINUM FOIL _ LAMINATED ASPH/KRAFT __ VINYL
__POLYETHYLENE K LAMINATED FELTS — UNKNOWN

Figure 6. Completed Roof Section Identification Worksheet.
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50 INSULATION

Reinforcement Unknown
No Reinforcement

81 TYPE (check all); __EXTRUDED POLYSTY. INSULATING FILLS
__ Vemiculite
__NONE __FOAMGLASS _ Perite
__ Cellular
__WOOD FIBERBOARD __PHENOLIC __ Gypsum
__ Lwt Concrete
__GLASS FIBER __POLYISOCYANURATE __ Fill Type Unknown
X PERLITE __CORK __ UNKNOWN
A POLYURETHANE/BOARD __FOAMED IN PLACE/PUF
__EXPANDED POLYSTY.
52 PHYSICAL PROPERTIES: __N/A{No Insul.)
BOARD STOCK FOAMED IN PLACE AND INS. FILLS
TOTAL THICKNESS > INCHES TOTAL THICKNESS INCHES
NO. OF LAYERS Z TAPERED (YN}
TAPERED A[ (Y/N)
$3 R-VALUE (total): __ UNKNOWN __N/A(No Insul.)
§4 ATTACHMENT (board stock only)(check all):
__MECHANICAL X ADHESIVE-HOT __UNKNOWN
__LOOSE LAID __ADHESIVE-COLD
60 MEMBRANE
61 PRODUCT: __UNKNOWN PROTECTED MEMBRANE N _(Y/N)
MANUFACTURER CELOTEX DESCRIPTION BASE SHEET + 3 Pe Y
SPECIFICATION NO. WARRANTY N (Y/N) EXP DATE ___
62 TYPE (check one): ROLL ROOFING LIQUID APPLIED
__ Org/Min. Surtace — Neoprene/Hypalon
BIT. BUILT-UP __ Glass/Min. Surface __ Acrylic Eiastomer
A Asphalt __ Smooth _ Butyl
__ Coal Tar Pitch __ Polysutfide
__ Cold Process\ SINGLE-PLY __ Urethane
Emulsion __ EPDM __ Silicone
__ Cold Process\ __CPE — Type Unknown
Cutback _ CSPE
__ Bit Type Unknown _PiB PUF WITH COATING
_ PVC _ Silicone
MODIFIED BITUMEN —_ Butyl — Urethane
__.SBS __. Neoprene . Catal. Urethane
__ APP __ Nitile — Acrylic
___ Modifier Unknown __ Type Unknown __ Coating Unknown
63 ATTACHMENT (for Single-Ply oaly)(check one):
___FULLY ADHERED __PLATE/DISK/PARTIALLY ADHERED
__ LOOSE/BALLASTED MECH. FASTENERS
__ Penetrating
__ NonPenetrating
64 REINFORCEMENT (check one): MODIFIED BITUMEN & SINGLE-PLY
_.. Polyester, Woven
BIT. BUILT-UP _. Polyester, Nonwoven
Organic Felt __ Glass
Z Glass Felt . Asbestos
__ Asbestos Felt __ Fleece, Synthetic
__ Felt Type Unknown __ Felt
__ Laminate Backer
_.. Polyethylene

Figure 6. (Cont’d)
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65 SURFACING (check one):

AGGREGATE SMOOTH _ MINERAL SURF. CAP
River Gravel __ Cutback
X Crushed Stone — Emulsion __LATEX COATING
- __ Hot Asphalt
__ Pea Gravel __ Bit Type Unknown PAVERS
__ Volcanic Rock __ Concrete
__ Marble Chip __REFLECTIVE __ Composite
__ Limestone
__ Aluminum Granule __ELASTOMERIC __OTHER
__ Mineral Granule
"~ Agg. Unknown __ METAL SKIN __NONE
66 WALKWAYS (check all): __RUBBER MAT
__ASPHALT PLANK _1( WOQD DUCK BOARDS __OTHER
__CONCRETE PAVERS __MINERAL SURFACED FELTS __NONE
70 FLASHING
71 BASE FLASHING (check all):
MINERAL SURFACED MODIFIED BITUMEN __PVC COVERED METAL
X Organic _. Granule Surface
__ Glass ___ Foil Surtace __ METAL
__ Fabric Unknown __ Smooth Surface
__CPE
__REINFORCED ASBESTOS __VINYL
__CSPE
__ FIBERGLASS __PVC
__NONE
__COTTON __NEOPRENE
__ UNKNOWN
__BURLAP __EPDM
72 FLASHING ADHESIVE (check one):
___HOT MOPPED __TORCH APPLIED
A coLD MASTIC __ UNKNOWN
73 COUNTERFLASHING (check all):
X METAL __FLEXIBLE
__BITUMINOUS __NONE
74 FLASHING TYPES (check all):
ROOF EDGE __ROOF PENETRATION l(PITCH PAN
__ Embedded Edge Met.
__ Metal Cap Flash. __ROOF RELIEF VENT PIPE SUPPORTS
. N, Wood Blocks
XWALL/PARAPET X PLUMBING VENT " Rollers
__COPING EQUIPMENT SUPPORT
__ Structuraf Frame
__AREA DIVIDER __ Curbs
__ Conduit
EXPANSION JOINT __ Wood Sleepers
Metal Cover __ None (unflashed)
z Flexibie Cover
80 REMARKS

Figure 6. (Cont’d)
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Vapor Retarder

Section 41 - Type. The matcrial type used in reducing vapor transmission through the roofing
systcm (sometimes referred to as vapor barrier). This information can usually be found in the
specifications or on construction drawings. If needed, dctermine the presence and type of vapor
rctarder from core cuts.

Insulation
Section 51 - Type. Type(s) of insulation used in the roofing system.

Section 52 - Physical Properties. The total thickness and number of layers of insulation. Also
indicate if the insulation system is tapercd. Core samples arc the best means of determining insulation
type and thickness. Check specifications or contracts for information concerning whether insulation was
tapered to provide slope, and if multiple layers were used.

Section 53 - R-value. The total R-value (thermal resistance) of the insulation. Check
specifications, manufacturer’s information, or use industry accepted values.

Section 54 - Attachment. The method used for attachment of the roof insulation. This information
should be in the specifications. The insulation on roofs installed before 1982 was frequently attached
with mechanical fastcners on the perimeter of steel decks and adhesive on the field of the roof. Enter
all methods if more than one method was used. Single-ply ballasted systems are generally installed
with the insulation loose-laid.

Membrane

Section 61 - Product. The manufacturer, product description and specification of the roof
membrane.  Construction drawings or contractor submittals are thc only reliable source for this
information.  Also indicate if the roof assembly is a protected membranc (insulation on top of
membrane).

Section 62 - Type. The type of material used as thc membrane. The contract specifications or
shop drawing file will be the best sources for this data. For built-up roofs, a simple method for
determining bitumen type is described in Appendix B,

Section 63 - Attachment. The mcthod of membrane attachment (for single-ply membrancs only).
The contract specifications or shop drawings are the best sources for this information.

Section 64 - Reinforcement. Type of fabric or rcinforccment used in the membrane. Contract
specifications and manufacturer’s literature are the best sources for this information.

Section 65 - Surfacing. Type of surfacing on the membrane providing protection or ballast.
Visual obscrvations or the contract specifications are the best sources for this information. [f more
than onc surfacing appears on the roof section, consider dividing it into multiple sections.

Section 66 - Walkways. Type(s) of walkways used on the roof section. Check the roof scction
plan to be sure they are shown.

Flashing

Section 71 - Base Flashing. Types of basc flashing that arc present. The contract specifications
or contractor’s submittals and visual observation arc the best sources for this information.
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Section 72 - Flashing Adhesive. The adhcsive uscd to apply the base flashing. The contract
specifications should provide this information.

Section 73 - Counterflashing. Types of counterflashing present on the roof section. The contract
specification, contractor shop drawings, and visual observation are the best sources for this information.

Section 74 - Flashing Types. Types of flashing details existing on the roof section. There will
normally be several flashing types on every roof. Check off all types that are present. Check the roof
scction plan to be sure that all of the existing flashing, cspecially penetrations, pitch pans, and pipe
supports arc shown.

Rcmarks

Additional information that will be useful to the planners in scheduling maintenance or
replacement. If the roof system was placed over an existing roof, it should be stated in this section.
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3 VISUAL INSPECTION AND EVALUATION PROCEDURE

The visual roof condition evaluation procedure is the critical component of ROOFER. The data
obtained during the procedure is combined with the insulation inspection data (Chapter 4) to provide
an overall assessment of the roof condition and determine MRR requirements. This chapter briefly
explains the visual inspection procedure and the methods used to calculate the membrane and flashing
condition indexes (MCI and FCI). A complete description of the visual inspection procedure can be
found in USACERL Technical Report M-87/13% which provides the necessary guidance to perform the
inspections and is the standardized reference for distress/defect identification.

Membrane and Flashing Condition Ratings

The mcmbrane and flashing components are rated separately by direct measurement of the
distresses found in each component. Treating each component separately provides a more accurate
assessment of component condition, needed repair, and waterproof integrity. MCI and FCI ratings are
numerical indicators based on a scale of 1 to 100. The scale and associated ratings are shown in
Figure 7.

Inspection Procedure

The inspection and recording can be accomplished by one individual. However, for safety reasons,
a second individual should assist the inspector. During initial implementation, a third tcam member
can help develop the roof section plan and take core samples. Each roof section is carefully inspected,
and flashing and membrane distresses are recorded on a Roof Inspection Worksheet (Figure 8). The
total perimeter flashing length should be determined and recorded in the space provided in the heading.
The curb flashing, which includes the length of the base flashing on all curbed projections such as
equipment supports, should also be determined and recorded in the heading. The problems are
identified by distress type, severity level, specific defect, and quantity. A description of the blister
distress and specific defects is shown in Figure 9. Similar detailed descriptions for all other membrane
and flashing distresses are presented in USACERL Technical Report M-87/13*. Figure 10 contains an
abbreviated list of identifiers for all the distresses/defects associated with the ROOFER inspection
process. The list can be attached to the bottom of a long clipboard for ready reference by the
inspector to identify specific defects in each distress category (i.e., Base Flashing - High - Holes, splits,
and tears, would be identified as BF-H-1 on the Roof Inspection Worksheet). If a roof moisture survey
of the insulation (see Chapter 4) was completed before the visual inspection, mark the core sample
locations at this time.

As part of the visual inspection, a survey of the interior and exterior conditions should be
performed.  The inspector shall complete the reverse side of the Roof Inspection Worksheet (Figure
t1) and record in the "rcmarks” section any additional comments that would alert the manager of
problems that should be further investigated and corrected.

‘M. Y. Shahin, D. M. Bailey, and D. E. Brotherson.
‘M. Y. Shahin, D. M. Bailey, and D. E. Brotherson.
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RATING

4 EXCELLENT

VERY GOOD

GOOoD

FAIR

‘4] POOR

*{ VERY POOR

FAILED

Figure 7. MCI and FCI and ratings.

Calculating the MCI and FCI from Inspection Results

The MCI and FCI of a roof scction is determined from the information recorded on the Roof
Inspection Worksheet. The calculations are completed on the Roof Scction Rating Form (Figure 12)
using the following five step procedure (also shown in Figure 13):

Step 1

Transfer the quantities for each combination of distress type and scverity level to the Roof Section
Rating Form.
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Figure 8. Completed Roof Inspection Worksheet.
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BLISTERS

Blister hetween plies

Description: Blisters are round or elongated
raised areas of the membrane which are
filled with air.

Note: Blisters and ridges are difficult
to differentiate at the low and medium sev-
erity levels. The rating error will be insig- Graphic Representation

nificant because of_ the sirpilarity in th‘e of Blister
deduct curves. At high severity, however, it

is important to distinguish between the two

distresses due to their different leak poten-

tials.

Severity Levels:
fow:

1. The raised areas are noticeable by vision or feel. The surfacing is still in place
and the felts are not exposed.

Medium:

1. The felts are exposed or show deterioration.
High:

1. The blisters are broken.
Measurement:

1. Measure the length and width of the blister in lineal feet and calculate the area
(length times width). If the distance between individual blisters is less than 5
ft, measure the entire affected area in sq ft.

2. When large quantities of this problem are present (especially on large roofs), the
representative sampling technique can be used.

Density:

A

B x 100 = Problem Density

where A = total area of membrane blisters (sq ft)
B = total area of roof section being rated (sq ft)

Note: The problem -density is calculated for each existing severity level.

("auses: Blisters are caused by voids or lack of attachment within the membrane.
Moisture and gasses within the void greatly increases the potential for growth,

Figure 9. Example description of blister distress.
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